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data on the subject and present them In a fo-rn wI-ifCh will 8eme &El 
a guide f o r  t3e p r e l h i m z g  design of dive-recovery f l a p e  . By 
neceBsfty, many fac tors  ,prtaining largely to airplane codigurattim 
have been iwored. Consequently, a flight-test procedure l a  recan- 
mended. It ie believed that the d a t a  preaented herein, if used in 
conjunction uitp! the  recccnmended flightrtsst procedure, Kj.11 fac515- 
tate t he  development of satiefactory dive-recovery4lap ineW3-atione 
f o r  moat conventional atrplanee. 

" 

The fol lowing symbols a3"e used in this m p o r t  : 

General 

frse-rrtzeam velocity, fee t  per aecond 

increaeo of &ch number over that Tor l q 3 t  divergence 

acceleration of g-avvlty, f o o t  per cllecond per second 



Sf t o t a l  f lep area, squam foot 

b wing span, feet  

ke total fl€!.. €!pas, fee t  

elevator spm, foot 

M.A.C . wTng noan aerodynmic chord, feet 
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CoofSicionts 

uncorrected m e  of attack, dowoe6 

increase of angle of attack f o r  constant l i f t  coeff i c ion t  
dw to the f h p ,  aegroos 



m incroaso of tail mglo of' attack at constant lift 
coofficiont duo to tho fla98, dogross 

Sowccr of D a t a  
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coof f i c i c n t  of each installetion waa divided by the r a t l o  of 
projactod f lap  frontal m a  t o  wing area in order to account f o r  
difforont f lap  s i zes  on tho various m o d e b .  

Flap effectivom8s.- Although the purpose of the dive"recovery 
f laps on a pazticular afrplasu?. is to Increase its t r i m  lift moffi- 
cient ,  it is most convenient t o  consider f l a p  offectivonoss as t h e  
incream of pitchimoment coefficfezlt et a givon let coeff ic ient .  
By 80 doing, the e f foc t  of conbr-of grevity position is olininatod, 
Fur thomom,  ir? ordor to reduce tho data to a f clrm sultable for 
gonoral applicetion, it is nacssearg to consider not tho total 
pitching mmont incroment but tho individual cmtr ibut fng  factors. 
Thoso a m  (1) tho a f fec t  on the wing pitching+nment charmtor fa t ics ,  
and (2) tho of'foct on tho tall lift (or _~itchiw mmont due to tho 
tail). Tho eocond f ac to r  may Bo a t t r ibu tod  matnly to a change of 
tail angle of attech asla =I c h w o  of o l o v e k r  f loa t lng  angle. (The 
rosdts indicato tihat changos of t%il offfciencg m e  ama l l  and- may 
be mglectd.  1 Bomfor~ tho t o w  pftch€ng+namnt coofflciont duo 
to the f l a p s  may be rqm3eonW b$ the fo l lowing  equation: 
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dlvorgonco . 
It w i l l  bo notod that tho incromont of wing pitcDing+mnont 

cooff ic iont  duo t o  - b o  flqm bocama m&o nogativc tho  M x h  nmbor 
fncrmsod. (So0 fig.  19.1 This is d w  to .the f c c t  that  thc incroaso 
of Mach numbor ceussd an incroaso of flap offoctivonoas which mr3 
cppllod lmgoly t o  t ho  wing rft of t h o  p o s i t i o n  of tho  uppor-~urr"rtco 
shock. In ordor t o  provont eorioua dhmgog of tail lwde and 2 
docroaeo of tho  t o k l  flap offmtivcno8e, It is dosimblo that t h o  
chango of w2ng pitching-mment  coofficiont bo as mall a8 possiblo. 

In gonoml, the f h p s  locatod wall forward on tho chord of t h o  
wing wero mom s&tfBfactory than those nornor t h o  trafling OQO. 

(So0 f tg. 20. } Tho f omzrd  f l ags  produced a grsctzr docrooso uf 
angle of a t tmk f o r  c m - t  1 s t  coofficiont,  and a l e 0  caueod 
smlLer.nog.%tivo shifts of tho wing p i t ch ingamont   coo f f i c ion t .  
-go nogativo s h i f t s  of tho wing pftching-mmont cooff lc iont  
ahould lie avoidod eInco €boy not o n l y  Gduca tho tstd effoctivonosa 
of tho f h p s  but m y  CSUBO aarioue incroasce of tail locub. Hcmavor, 
thoro is a practical limit to tho f o m d  loca t ion  of the f l a p e .  
m e  rango of 2ositivo lift c m f f i c i o n f a  f o r  which t ho  f o r m &  f l z p s  
wore Etffactivs wtls considoro-bly wlhr than that f o r  tho roarward 
flzps. (See f ig ,  7.) Also, tho flclps . i n  tho mom reaward positfons 
mainteinod t h a i r  O f f O C t i V Q r l O S a  to a slightly L i a o r  &ch nlmbor thzm 
did thooo noa-or tho londirig odgo, capecial ly  at tho h ighor  lift 
cocf f   i c ten ts .  Apprmntly t h ~  flow behind t h o  f k p s  which waro wol1 
nhoad of the Lowor-eurfaco ninimun"yre&urc po in t  hcA Q strong tmd- 
oncy t o  r o t u r n  t3 tho wtng surfnco. F5r t h i s  romon, divo-rocovery 
flaps on r t i rp lanoe requiring a hl& lift cooff ic iont  f o r  dive rocov- 
org should bo locatod fEtlli3or 3Lft t2.1c.n tho80  M airplnno~ requiring 
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would not be seriously affected, m d  flep-rotlrcted valuoa of 
(&rn/&!% and (&h/&t>a my be ueo& in tho oquatlone 
for t o t a l  pitching+amont  coofficient dum to t h o  flaps. 

Rccomended Design Procodwo 
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succe8eful dfve-recovery f l a p  installatia is one which w i l l  e f f ec t  
suff icien-i;  (but no% excessive) recovery of t h e  airplane from a dive 
t o  any Mach number and altitcde, which the a4rplane is capable of 
a t ta ining,  without causing undue atresa on any part of the aircra9t 
structLwe. The f ol lawing procedure for the prelfmlnazy de8igsl of 
dive-recoyerr f l a p s  for a particular airplane ie offered: 

1. Fatablish the  Mach number, altitude, md l i f t  coefficient 
at which the recovery is desired. (The drag itue to the f laps  may 
be nsglected  since appreciable changes of r b a g  a f f e c t  the velocity 
only slightly d o v e  the ~ a c h  number of 1st divergence. 1 

2. Compute or estinata the elevatorcfree pitchtng-manent 
characterietfcs of the a.irpla;ne w i t h  the normal center-of-gravity 
posit ion for the &ove Mach llumber; From those Ch&r8.~teriStiC6 
determine the pitchi~ment-coeff ic ient , increment  neces8aE-y to 
trim the airplane at t h e  l i f t  coeff fcient of step 1. 

3 .  Select a f lap  locat ion on the wing which iB s t ruc tura l ly  
su i t ab le   fo r  the F1-frS3-e (around 30 or hJ2 gsrcent of the chord and 
p a r t i a l l y  in frant of the horizontal tail if poeefble).  

7. E the  nCm cmputed in step 6 does n o t  agree with that 
of etep 2, repeat the procedure w i t h  8. different f h p  s ize .  

Once the f l a p  s i z e  is establhhed, it would be wise t o  ccaapute 
tho acceleration available f rm the flags for a l l  Mach numbers and 
a l t i tude8  ubich the afrplane is capable of attaining, f o r  both tke 
most forward and the moat rem cmte- fwav i ty  position. Also, 
tho  tail loads with the f lap8  deflect& should be chocked if it 
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Runs ahoUld be m a d e  Qroughout tho qmod rango, but it is 
doaiI%.blO that tho first rune bo made at ccrmpma%ivdy low Mzch 
numbam md high a l t i tudc  In order to avoid oxcoseivo accolorations. 
A running record should bo kept  so that tho f l a p  effoctivenoee a t  
the highor Mach nmbors ma3 bo ant ic ipa ted .  

An analysis of the da-;;a colloc.tod i n  W e  report  indicatoe 
tho following: 

1. In order to obtain maAmm offectivonass, a6 w d 1  a8 to 
avoid tail buffeting m b  largo incmseos of tail l o d a ,  dlvo- 
rocovory flaps ahould be l o c s t o d  about one-third of the wing chord 
frm t h o  loading odgo with part of the f l a p  in front of the out+ 
board portion of tho hor fzon tc l  tail. 



Amos Ammantical h%orcrtol-$, 
National Advisory C c l n m i t k e  f o r  Aeronautics, 

Moffott Fiold, C a l i f .  
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Figure 1. - Typical dive-recoverg-flap installation on a 
wind-tunnel model. 
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(a) Flap deflected 300. 

(b) Flap fully retracted. 
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Figure 2. - Dive-recovery flap located on left wing of the 
XP-51 airplane. 
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M= 0.75 
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